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Abstract 
Based on the policies of economic, energy and environment, the IPAT model is applied to analyze the scenarios of 
China's future primary energy demand and CO2 emissions. The results show that: primary energy demands and CO2 
emissions will grow rapidly before 2020, due to the impact of the industrialization. The LCS scenario’s primary 
energy demand reach 4.48 billion tce and CO2 emission 10.58 billion tons in 2020, which are far less than those in 
scenario-BUS; the goals of CO2 emission reduction and energy structure optimization are at the cost of slowing 
economic growth to some extent in scenario-LCS. The aggregate GDP has decreased by 8.26 trillion yuan compared 
to that in scenario-BUS; there are great scenario differences in energy demand structure. The expected energy 
structure would be achieved in scenario-LCS, as the share of coal slowly decreases and its physical quantity reaches 
3.76 billion tons, and the non-fossil energies’ structure amounts to 15.95%; The scenario of LCS is a realistic choice 
to low carbon economy. The keys of the energy saving and energy structure optimization are the clean utilization of 
coal and development of new energy on a large scale. 
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1. Introduction 
The issue of global warming caused by CO2 emissions attracts scholars’ widely attention. Chinese 
government has planned to take measures, such as s tatistics, monitoring, assessment, accountability, to 
achieve the targets of carbon emission reduction. Under this situation, the relationships among the 
 
  Corresponding author. Tel : +86-13913458104; fax: +86-0516-83591152. 
E-mail address: wangdi9605@163.com. 
Open access under CC BY-NC-ND license.
© 2011 Published by Elsevier Ltd.  
Selection and peer-review under responsibility of RIUDS
Open access under CC BY-NC-ND license.
366  Wang Di et al. / Energy Procedia 5 (2011) 365–369
economic development, primary energy demand and environmental protection will be more complicated. 
There are a lot of questions to answer. What kind of development trends of CO2 emissions and primary 
energy demand shown? Whether the energy reduction goals will affect  China's economic development  or 
not? How to coordinate the relationships among energy reduction, economic growth and environmental 
protection? Therefore, this paper adopts the method of scenario  analysis  to study the trends of China’s 
CO2 emissions and primary energy demand in order to provide some useful suggestions. 
The scenario analysis is used by many scholars domestically and abroad to discuss indicators’ trends 
[1-4], which is based on the future scenarios of economic and social development objectives . Considering 
development plans in society, economy, energy and environment, the paper g ives the following ideas 
learned from the literature [5] to analyze CO2 emissions and energy demand in 2010-2020. Firstly, 
describe the future scenario frameworks of China's socio-economic factors; Then, give the parameters of 
the main  scenario indicators of development framework; Th irdly, analyze the scenarios by the IPAT 
model and design the development programs of China’s CO2 emissions and primary energy demand. 
2. Model Design 
In previous studies, IPAT model is a widely accepted method to analyze the environment, population, 
technology and economy [6], the paper analyzes the scenario trends of China's energy consumption and 
CO2 emissions. The general form of IPAT model is as follows: 
I=P·G/P·I/G=P·A·T                                                                                                                          δ1ε  
Where the indicator I is environmental impact, P is the total population, A is the GDP per capita, and T 
is the environmental load per GDP; G is the total GDP. In this paper, C is CO2 emissions instead of 
indicator I, c is the carbon emissions intensity instead of T. Based on the basic form of IPAT model, CO2 
emissions and CO2 emission intensity can be expressed as: 
C=P·G/P·C/G=P·A·c                                                                                                                       ˄2˅ 
4 4 4
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Where E is total energy demand, I is energy intensity, Ej is energy demand of kind-j, ef j is emission 
coefficient, and δj is the structure of the kind-j energy consumption. Assumed that CO2 emission 
coefficient of some energy is relatively fixed in short term, the change of CO2 emissions would be 
affected by the population, GDP per capita, energy intensity and energy structure. The paper assumes that 
g is the growth rate of GDP per capita, n is the growth rate of population, i  is the annual reduction rate of 
energy intensity, and 
j jefG ¦ is defined as the multiple coefficient of CO2 emission in indicator-Q . Then, 
CO2 emissions in t can be expressed as:  4 40 0 0 01 1(1 ) (1 ) (1 ) (1 )j j t t t j j tt t t t tj jC P A I ef P n A g I i efG G Q                   ¦ ¦                                          ˄4˅ 
As it has been already noted in formula (4), economic growth and population are the main factors 
promoting the growth of CO2 emissions, and energy technology and energy structure play positive roles 
in CO2 reduction. The change of CO2 emissions depends on the four factors’ growth rate. 
3. Scenario description and parameters’ design 
According to China's energy consumption and CO2 emissions status, and reference to the energy 
efficiency levels of developed countries , three scenarios are constructed as follows: 
Baseline as Usual Scenario (BUS). The economic growth is the main driver of carbon emission, and 
the annual GDP growth rate is assumed to 10% during 2010-2015, 8% during 2016~2020; natural g rowth 
rate of population is 5‰  during 2010~2015, and 4.5‰  during 2016~2020; industrialization is constrained 
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by the energy, economic, and environmental development, without considering the energy consumption 
structural optimization; A style that emphasizes development while neglecting environment  remains 
unchanged, and energy efficiency promotes in accordance with the trend in 2000-2009. 
Low Carbon Scenario (LCS). The average annual GDP growth rate is assumed to 8% during 2010-
2020, and population growth is similar to that of the baseline scenario. The emission reduction targets 
will be achieved, and the CO2 emission intensity will be reduced by 45% compared to 2005, while the 
share of the non-fossil energy rises up to 15% in 2020. The CO2 emissions will ach ieve "decoupled" 
development with economic growth and energy consumption by the measures of technological progress , 
transformation of economic pattern and other reduction polices. 
Enhanced low Carbon Scenario (ECS). The GDP per capita achieve to 10000 dollars in 2020, and 
population is similar to that of BUS. The tert iary industry dominates the economic structure. New 
energies’ technology achieves a breakthrough, and the share of non-fossil energy will be more than 15%. 
The clean coal and CCS technologies would be widely applied, with energy efficiency up to the world 
average level. China's CO2 emissions intensity will be decreased by 60% in 2020. 
4. Scenario analysis and discussion 
According to the basic principles of scenario analysis, the paper used the IPAT model to predict 
China’s low carbon development scenarios from 2010 to 2020, and analyses the impacts from the non-
quantifiable factors of energy and environment policies. As shown in Table 1.  
Table.1   Scenario forecasts of China's low-carbon development indicators (2010-2020) 
Scenarios Indexes 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
BUS 
P 13.08 13.41 13.48 13.55 13.62 13.68 13.75 13.82 13.88 13.94 14.00 14.07 
G 18.32 33.48 36.83 40.51 44.56 49.02 53.92 58.24 62.90 67.93 73.36 79.23 
I 1.226 0.986 0.952 0.919 0.888 0.857 0.827 0.799 0.771 0.745 0.719 0.694 
c 2.982 2.386 2.305 2.227 2.151 2.078 2.007 1.939 1.873 1.809 1.748 1.688 
E 22.46 33.03 35.08 37.25 39.56 42.01 44.62 46.52 48.51 50.58 52.74 54.99 
C 54.64 79.89 84.89 90.21 95.85 101.85 108.23 112.91 117.80 122.90 128.22 133.77 
LCS 
P 13.08 13.41 13.48 13.55 13.62 13.68 13.75 13.82 13.88 13.94 14.00 14.07 
G 18.32 32.87 35.50 38.34 41.41 44.72 48.30 52.17 56.34 60.85 65.71 70.97 
I 1.226 0.986 0.943 0.902 0.863 0.825 0.789 0.755 0.722 0.69 0.66 0.631 
c 2.982 2.359 2.253 2.152 2.056 1.964 1.876 1.791 1.711 1.634 1.561 1.491 
E 22.46 32.43 33.49 34.59 35.73 36.91 38.12 39.37 40.66 42.00 43.38 44.81 
C 54.64 77.56 80.00 82.53 85.13 87.82 90.59 93.45 96.40 99.44 102.58 105.82 
ECS 
P 13.08 13.41 13.48 13.55 13.62 13.68 13.75 13.82 13.88 13.94 14.00 14.07 
G 18.32 33.46 36.78 40.42 44.43 48.84 53.69 58.98 64.80 71.19 78.22 85.93 
I 1.226 0.981 0.906 0.837 0.773 0.714 0.66 0.609 0.563 0.52 0.48 0.41 
c 2.982 2.284 2.112 1.953 1.806 1.670 1.544 1.428 1.320 1.221 1.129 1.044 
E 22.46 32.81 33.32 33.83 34.35 34.88 35.42 35.94 36.48 37.02 37.57 35.22 
C 54.64 76.42 77.67 78.94 80.24 81.55 82.89 84.21 85.55 86.91 88.29 89.69 
Notes˖P—108 persons ; G—1012yuan; I—tce/104yuan; c—ton /104yuan; E—108tce˗ C—108tons 
4.1. Scenario comparisons of China's CO2 emission 
According to above predicted results, three scenarios of CO2 emissions reached 133.77u108 tons, 
105.82u108 tons and 89.69u108 tons respectively (Fig.1). The growth of CO2 emissions in BUS is fastest 
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of all, with its net growth amounts reaching 58.58u108 tons compared to that in 2009. Economic g rowth 
and energy inefficient are the underlying reasons for this. Their interactions promote the rapid growth of 
CO2 emissions. The CO2  emission intensity has achieved to 1.8087 tons per 104 Yuan  in  2020, decreased 
by 33.38% comparing with 2005, and failed to achieve the 2020 emission reduction targets. 
The expected emission reduction targets of the LCS scenario could be achieved at the expense of 
decrease of economic  low-growth. The total GDP decreased by 8.26u1012 Yuan compared to BUS 
scenario’s 79.23u1012 Yuan. Energy demand and CO2 emissions further reduced, up to 44.81u108 tce, 
105.82u108 tons respectively in 2020. The energy intensity and CO2 emission intensity has been reduced 
to 1.491 tons per 104 Yuan in 2020, decreased by 49.94%, and over-achieved reduction targets. 
In general, the primary energy demand and CO2 emissions showed a trend of slow growth in ECS 
scenario. The total GDP increased to 85.93u1012 Yuan in 2020, energy demand reached up to 35.22u108 
tce, and CO2 emissions 89.69u108 tons, and its intensity reach 1.044 tons per 104 Yuan, decreased by 60% 
compared with that in 2005. Based on China's current economic development trend and the energy 
utilization level, the achievement of this goal will face enormous difficulties. 
To sum up, LCS scenario is the most realistic of all, while its energy saving and emission reduction 
goals are largely based on the cost of lower economic growth rate, and the targets of emission reduction 
need the technological b reakthroughs of new energy, In addit ion, the dual optimizations of energy 
demand structure and industrial structure are important factors. The energy consumption optimization and 




































Fig.1 Scenario comparisons of China's CO2 emissions
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Fig.2 Scenario comparisons of China's energy demand
 
4.2. Scenario comparisons of primary energy demand structure 
According to the results of scenario analysis, the primary energy demands of LCS and ECS scenario 
are less than BUS scenario’s, and their absolute amounts are up to 44.81u108 tce, 38.132u108 tce in 2020 
respectively. According to the overall t rends of economic growth, the total p rimary energy demand is still 
in the growing phase (Fig.2), due to the effects of the industrialization process . In addition, the primary 
energy demand growth of BUS scenario is the largest of all, creasing to 54.99u108 tce in 2020. 
In scenario BUS, the share of coal, o il, natural gas, hydropower, nuclear power and other non-fossil 
energy sources are 68%, 17.5%, 5%, 6.75%, 1.25% and 1.5% respectively. In contrast, the energy 
demand structures of LCS and ECS scenarios are optimized  fatherly, and the non-fossil energy structures 
gradually improved to 15.95%, 18.5% respectively. As talble1 shown, coal dominates energy demand in 
three scenarios. Meanwhile, due to the impact of oil occurrence conditions, the oil demand increase 
gradually, but its proportion has not changed considerably. At the some time, the gas demands of 3 
scenarios showed rapid growth year by year, with its share up to 5%, 6%, 6.5% respectively. 
As above noted, there are significant improvements in the share of non-fossil energy sources in 
scenario LCS, with its total amounts up to 7.19 u108 tce. The hydropower and nuclear power would  be 
increased to 4.42u108 tce, 1.57u108 tce respectively in 2020. In summary, there are severe challenges on 
the targets of CO2 reductions and energy demand structure in LCS or ECS scenarios, and profound 
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impacts on China's coal industry responsible for the emission reduction target, which is affected by the  
coal production capacity, supply structure and the coal clean technology. 
5. Conclusions 
The paper illustrates three scenarios for China’s primary energy demands and CO2 emissions, and as a 
result, several conclusions can be obtained as follows . 
There are great differences in the primary  energy demand and CO2 emission, and their development 
trends remain in a rap id growth phase, due to the effects  of industrialization and urbanizat ion. The 
scenario BUS depicts a situation in  which China’s economic  growth way keeps unchanged, and 
government-established economic growth targets  receive much more emphasis  than technology 
environmental policies. Therefore, the primary energy demand and CO2 emission grow very rapid ly. In 
contrast, the total primary energy demand has achieved to 44.81u108 tce in scenario LCS, and the CO2 
emission is up to 105.82u108 tons in 2020, which is reduced by 10.18u108tce compared with BUS. 
The achievements of emission reduction and energy structure optimization goals are at  the cost of 
slowing economic growth in low carbon scenario, and the total GDP would be decreased by 8.26 trillion 
yuan compared with that in BUS. There are great scenario differences in energy structure. The expected 
goal of energy structure optimization would be achieved in low carbon scenario. The share of coal 
showed slowing trends gradually, as its physical quantity increases to 37.6u108 tons, and the non-fossil 
energies’ structure amounts to 15.95%. 
Scenario LCS is an ideal scenario. It assumes that China would slow down its economic growth rate, 
and promote the energy technology and optimize the energy structure and industries structure from 2010 
to 2020. The growth rate of GDP per cap ita would  equal the rate of energy intensity decline. Not only the 
primary energy intensity will decline, but the structure of energy demand will be optimized. In other 
words, scenario of LCS is the most realistic choice to develop the China’s low carbon economy. 
Technology innovation and new energies ’ industrializat ion would ensure the success of China’s low 
carbon economy, especially the clean utilization technology of coal and new energies development. 
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